Linker insertion mutagenesis of Drosophila topoisomerase II. Probing the structure of eukaryotic topoisomerase II.
The sequences of all type II DNA topoisomerases, and possibly some of their key structural features, are conserved. The N-terminal and middle regions of the eukaryotic DNA topoisomerase II are homologous to the bacterial gyrase subunits B and A, respectively, and the hydrophilic C-terminal region is more divergent among these enzymes. To gain further insights into the structure of eukaryotic topoisomerase II, we constructed 23 linker insertion mutants of Drosophila DNA topoisomerase II. These mutant proteins were expressed in a heterologous yeast system, in which we have previously demonstrated that Drosophila DNA topoisomerase II could be functionally expressed and complement yeast top2 mutations. The linker insertion mutants were characterized genetically by testing for complementation of yeast top2ts mutation at the non-permissive temperature and complementation of yeast top2 null mutation using a color sector assay. We also partially purified the mutant proteins and examined their enzymatic activity by unknotting the P4 knotted DNA. There appears to be a good correlation between the in vivo and in vitro activities. There are nine fully active, six partially active, and eight negative linker insertion mutants. All five linker insertion mutants in the C-terminal region are active and two linker insertion mutants located in the junction of the two regions homologous to gyrB/gyrA subunits are also active. In addition, we also mapped the trypsin-sensitive sites in Drosophila DNA topoisomerase II. The C-terminal region is extremely sensitive to trypsin digestion. Another major trypsin-sensitive site is located between Lys406 and Thr407, which is near the protease sites also observed in the bacterial gyrB subunit and yeast topoisomerase II. We discuss the possible structural and functional implications of these results.